We have conducted a mapping spectral line survey toward the Galactic giant molecular cloud W51 in the 3 mm band with the Mopra 22 m telescope in order to study an averaged chemical composition of the gas extended over a molecular cloud scale in our Galaxy. We have observed the area of 25 ′ ×30 ′ , which corresponds to 39 pc × 47 pc. The frequency ranges of the observation are 85.1 -101.1 GHz and 107.0 -114.9 GHz. In the spectrum spatially averaged over the observed area, spectral lines of 12 molecular species and 4 additional isotopologues are identified. An intensity pattern of the spatially-averaged spectrum is found to be similar to that of the spiral arm in the external galaxy M51, indicating that these two sources have similar chemical compositions. The observed area has been classified into 5 sub-regions according to the integrated intensity of 13 CO(J = 1−0) (I13 CO ), and contributions of the fluxes of 11 molecular lines from each sub-region to the averaged spectrum have been evaluated. For most of molecular species, 50 % or more of the flux come from the sub-regions with I13 CO from 25 K km s −1 to 100 K km s −1 , which does not involve active star forming regions. Therefore, the molecular-cloud-scale spectrum observed in the 3 mm band hardly represents the chemical composition of star forming cores, but mainly represents the chemical composition of an extended quiescent molecular gas. The present result constitutes a sound base for interpreting the spectra of external galaxies at a resolution of a molecular cloud scale (∼10 pc) or larger.
Introduction
Chemical compositions of dense molecular cloud cores in our Galaxy have been studied since ences, Tohoku University, Aramakiazaaoba 6-3, Aoba-ku, Sendai, Miyagi, 980-8578, Japan 7 Astronomical Institute, Tohoku University, Aramakiazaaoba 6-3, Aoba-ku, Sendai, Miyagi, 980-8578, Japan 8 Center for Computational Sciences, The University of Tsukuba, 1-1-1, Tennodai, Tsukuba, Ibaraki 305-8577, Japan 9 National Astronomical Observatory of Japan, Osawa, Mitaka, Tokyo, 181-8588, Japan 10 Research Center for the Early Universe, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo, 113-0033, Japan the early era of radio astronomy. On the basis of observations of some representative molecules such as CCS, NH 3 , and N 2 H + in combination with chemical models, a systematic change in chemical composition along cloud evolution has been established, which has substantially contributed to our understanding of a starless-core phase of star formation (e.g. Suzuki et al. 1992; Aikawa et al. 2001; Caselli et al. 2003) . On the other hand, chemical composition of molecular gas largely extended over a molecular cloud scale (>10 pc) has attracted less attention, although it would define an initial condition for chemical evolution toward dense molecular cloud cores. Moreover, an understanding of the molecular-cloud-scale chemical composition is of crucial importance in extragalactic astrochemistry, because only such a large-scale chemical composition without resolving dense cores can be observed in most of nearby galaxies even in high spatial resolution observations with ALMA (Atacama Large Millimeter/submillimeter Array). For example, the angular resolution of 0.2 ′′ readily achieved with ALMA corresponds to the linear resolution of 10 pc for nearby galaxies at a distance of 10 Mpc.
Recently, chemical compositions have extensively been studied in extragalactic objects such as active galactic nuclei (AGN), starburst galaxies, and ultra luminous infrared galaxies (ULIRGs) by multi-molecular-line observations and unbiased spectral line surveys with single-dish telescopes (e.g. Martín et al. 2006; Aladro et al. 2015) and interferometers (e.g. Martín et al. 2011; Costagliola et al. 2015; Meier et al. 2015) . In these studies, chemical compositions are discussed in relation to physical environments specific to target sources. In addition, chemical compositions have been studied in quiescent regions of some external galaxies, such as spiral arms and bars (e.g. Meier & Turner 2005 , 2012 Watanabe et al. 2014 Watanabe et al. , 2016 . Watanabe et al. (2014) conducted a spectral line survey in the 3 mm and 2 mm bands toward two positions in the spiral arm of M 51 with the IRAM 30 m telescope, and revealed chemical compositions averaged over a 1 kpc scale. They found that the chemical compositions of the two positions are similar to each other in spite of a difference in star formation activities. Moreover, an effect of star formation activities cannot be seen on the chemical compositions in the spiral arm even at a spatial resolution of 300 pc (Watanabe et al. 2016) . Nishimura et al. (2016) observed seven molecular clouds in the Large Magellanic Cloud (LMC), and found that chemical compositions at a 10 pc scale are similar to one another regardless of their star formation activities. These results suggest that molecular-cloud-scale chemical compositions observed in the 3 mm band, particularly for the relatively quiescent regions, are not seriously affected by local star formation activities, and are mostly dominated by contributions from a largely extended molecular gas. Moreover, similarity of the molecular-cloud-scale chemical composition among various extragalactic sources implies that it would reflect fundamental physical and chemical properties of molecular clouds without influences of starburst activities and AGNs. According to the above results, it is revealed that high excitation lines in the submillimeter-wave band with high critical densities have to be observed to trace star forming regions.
One practical way to investigate the dominant factor which determines the molecular-cloudscale chemical composition is to conduct a largescale mapping observation of a Galactic molecular cloud in various molecular lines. By averaging the spectra over the observed area, we can simulate the spectrum observed toward external galaxies. Moreover, contributions of line fluxes from particular parts of the observed region can be studied. In this way, we interpret the molecular-cloud-scale chemical compositions in terms of astrochemical processes of smaller regions, which have been established so far. Although large-scale mapping observations have extensively been done in the CO and its isotopologue lines (e.g. Dame et al. 2001; Jackson et al. 2006; Fukui et al. 2008) , observations in other molecular lines are sparse, except for the Galactic center clouds and Orion B (e.g. Jones et al. 2008; Pety et al. 2017) . Large-scale mapping observations in various molecular lines, which we call 'mapping spectral line survey', require a high sensitivity receiver and a large set of backend spectrometers to cover a wide frequency range simultaneously. Thanks to recent advances of radio astronomy, the mapping spectral line surveys are now possible with a reasonable observation time.
In the present study, we conducted the mapping spectral line survey toward the Galactic molecular cloud complex W51, which is well known as one of vigorous star forming giant molecular clouds (GMCs) (e.g. Mehringer 1994; Bieging et al. 2010; Ginsburg et al. 2016) . It is located at a distance of about 5.1 − 5.4 kpc (Xu et al. 2009; Sato et al. 2010) in the Sagittarius arm. CO mapping observations have extensively been conducted toward W51, the molecular gas mass has been evaluated to be higher than 10 6 M ⊙ (e.g. Jackson et al. 2006; Bieging et al. 2010) . W51 is known to harbor the hot cores such as W51 e1/e2 and W51N (e.g. Ho et al. 1983; Zhang et al. 1998; Liu et al. 2001; Remijan et al. 2004 ). More than 50 molecular species including complex organic molecules have been identified toward the hot core e1/e2 (e.g. Liu et al. 2001; Ikeda et al. 2001; Remijan et al. 2002; Demyk et al. 2008; Kalenskii & Johansson 2010; Lykke et al. 2015; Rivilla et al. 2016a,b) . We observed the W51 cloud in order to investigate how the above vigorous star-formation activities are reflected on the spectrum averaged over the molecular cloud.
Observation
Observations were carried out with the Mopra 22 m telescope in 2013 October and 2014 August and September. An on-the-fly (OTF) mapping method was employed to cover the 25 ′ × 30 ′ area of W51 centered at (l, b) = (49.
• 4902, −0.
• 2622) in the Galactic coordinate. The area corresponds to 39 pc × 47 pc at the distance of W51. The off-source position was: (l, b) = (49
• .8775, +0
• .2622), which is known to be a 13 CO free position (Bieging et al. 2010 ). The OTF map was obtained with scans along the Galactic longitude. Three frequency settings were observed to cover the frequency ranges of 85.2 -101.1 GHz and 107.0 -114.9 GHz (Table 1) . The 3 mm HEMT MMIC receiver, which can simultaneously observe two orthogonal polarizations, was used as a front end. A typical system noise temperature ranged from 140 to 800 K, depending on the frequency and the weather condition. The beam sizes are 38
′′ and 30 ′′ in the 90 GHz and 115 GHz, respectively. Backends were the Mopra Spectrometer (MOPS) in a wideband mode, whose band width and frequency resolution are 8.3 GHz and 0.27 MHz, respectively. Telescope pointing was checked every hour by observing the SiO maser source V1111 Oph. Pointing accuracy was confirmed to be better than 6
′′ . An intensity scale was calibrated to the antenna temperature scale (T * a ) by a chopper wheel method. A daily fluctuation of the intensity was monitored by observing the hot cores e1/e2 in W51 at (l, b) = (49.
• 4898, −0.
• 3874), and was evaluated to be less than 14 %. The observed data were reduced with LIVEDATA/GRID-ZILLA (Barnes et al. 2001) . Bandpass correction and intensity calibration were processed by the LIVEDATA. Spectral baselines were subtracted by fitting line-free channels to a seventh-order polynomial in a frequency range of 2 GHz in the LIVEDATA. The processed spectra were re-sampled with a grid size of 15 ′′ , and were integrated by the GRID-ZILLA. After these procedures, the antenna temperature was converted to the main beam temperature as T mb = T * a /η mb . Here, η mb is the main beam efficiency, which is 0.5 and 0.4 at 86 GHz and 115 GHz, respectively. The final rms noise levels of the maps were summarized in Table 1 .
Figures 1 (a)-(p) reveal the integrated intensity maps of representative emission lines, c-C 3 H 2 (2 1 2 − 1 0 1 ), SiO(J = 2 − 1), CCH(N = 1 − 0, J = 3/2 − 1/2), HNCO(4 0 4 − 3 0 3 ), HCN(J = 1 − 0), HCO + (J = 1 − 0), NHC(J = 1 − 0), HC 3 N(J = 10 − 9), N 2 H + (J = 1 − 0), CH 3 OH(2 0 − 1 0 , A + ), CS(J = 2 − 1), SO(J N = 3 2 − 2 1 ), C
18 O(J = 1 − 0), 13 CO(J = 1 − 0), CN(N = 1 − 0), and H42α in order to show a typical quality of the imaging data, where the velocity ranges for integration is from 40 km s −1 to 90 km s −1 . All these emission lines are successfully imaged, although the sensitivity is not good enough to study their small-scale distribution in detail. Molecular distributions are mostly concentrated in the vicinity of the hot cores W51 e1/e2 (a white cross in Figure 1 ), with which a large H II region is associated. In addition to the component around the hot core, the HCN, HCO + , HNC, N 2 H + , CS, C 18 O, and 13 CO emission have a spatially extended component.
Chemical Composition at a Molecular-
Cloud Scale
Spatially-Averaged Spectrum
We prepare a spectrum averaged over the full observed region in W51 (39 pc × 47 pc), as shown in Figure 2 (a). This is a spectrum of a GMC-scale molecular gas in our Galaxy, which can be compared with the spectrum observed toward external galaxies using interferometers such as ALMA. In the preparation, we notice that the averaged spectrum suffers from a strong baseline ripple, which is caused by a standing wave between the main reflector and the subreflector of the Mopra 22 m telescope. The baseline ripple is not recognized in the individual spectrum before averaging due to overwhelming receiver noise, while it is evident in the averaged spectrum. Since the baseline ripple cannot be subtracted by using a polynomial function, we employ a baseline function consisting of several sinusoidal functions with different wavenumbers. After the baseline subtraction, the spectrum is smoothed to the frequency resolution of 1.1 MHz by summing-up 4 successive channels. A range of rms noise level of the spatially-averaged spectrum is from 12 mK to 48 mK depending on frequency.
In the spatially-averaged spectrum, 24 emission lines are detected. These lines are assigned to 12 molecular species ( 13 CO, HCO + , HCN, HNC, CN, SO, CS, CCH, N 2 H + , c-C 3 H 2 , HC 3 N, and CH 3 OH) and 4 additional isotopologues (C 17 O, C 18 O, H 13 CN, and C 34 S) on the basis of the spectral line databases, the Cologne Database for Molecular Spectroscopy (CDMS) managed by University of Cologne (Müller et al. 2001; Müller et al. 2005 ) and the Submillimeter, Millimeter and Microwave Spectral Line Catalog provided by Jet Propulsion Laboratory (Pickett et al. 1998) . All the emission lines are simple molecular species, which consist of three heavy atoms or less, with low upper-state energies (E u < 24 K). The line parameters and line profiles are summarised in Table 2 and Figure 3 , respectively. Figure 2 shows the comparison of the averaged spectrum with the spectrum of the hot cores W51 e1/e2 (Figure 2 (b) ) and that of the spiral arm of the external galaxy (M51 P1: Figure 2 (c)) (Watanabe et al. 2014) . The hot core e1/e2 was observed with a single pointing as an intensity calibration source (Section 2). A spectral pattern of the averaged spectrum is found to be different from the spectrum of the hot cores W51 e1/e2, indicating that the spatially-averaged chemical composition is different from the chemical composition of the hot core e1/e2. Although the spectral lines of fundamental species such as HCO + , HCN, HNC, and CS are bright in both spectra, the spectrum of the hot core reveals much more emission lines than the averaged spectrum. Emission lines of higher upper state energies (E u > 100 K), those of complex organic molecules such as HCOOCH 3 and CH 3 OCH 3 , and hydrogen recombination lines can be seen in the spectrum of the hot core in addition to the fundamental molecular species identified in the averaged spectrum (Appendix). This comparison suggests that the spectral features specific to the hot core are smeared out in the averaged spectrum by the overwhelming contribution of an extended molecular gas. This is a natural consequence of a small size of hot cores (e.g. ∼ 2.4 arcsec: Zhang et al. 1998) . If a hot core size is as large as 0.04-0.06 pc (Zhang et al. 1998; Hernández-Hernández et al. 2014) , the molecular emission lines from the hot core are diluted by a factor of 10 −6 in the spectrum averaged over the 39 pc × 47 pc area. If we assume the gas kinetic temperature of the hot cores to be 200 K, which is typical for hot core (e.g. Zapata et al. 2009 ), the intensity of the thermal emission does not exceed 200 K. Hence, the expected intensity in the spectrum is less than 2 × 10 −4 K assuming the dilution factor of 10 −6 . This intensity is indeed much below the typical rms noise level of the averaged spectrum. Conversely, the beam size smaller than about 3 pc is necessary to detect the hot core emission with the 3σ noise level of 60 mK in the 3 mm band. For instance, the HCOOCH 3 emission (8 0 8 −7 0 7 A,E: 90.23 GHz) is indeed detected with the intensity of 0.2 K at a 35 ′′ (∼ 0.9 pc) resolution toward hot core W51 e1/e2 in the present study (Appendix).
Here, we assess the sensitivities of the averaged spectrum and the line intensities estimated from those observed in the W51 e1/e2 and M51 P1, in order to examine the reasons of non-detection of the molecular lines of complex organic molecules, OCS, SiO, and HNCO, as well as the CH 3 OH line with higher E u , in the averaged spectrum. A HNC line is detected with a reasonable signal-to-noise ratio (S/N) of 23, 240, and 57 in the averaged spectrum of W51, the W51 e1/e2 spectrum, and the M51 P1 spectrum, respectively. Therefore, we estimate the molecular line intensities expected for the averaged spectrum of W51 and the M51 P1 spectrum, by applying the intensity ratios relative to HNC in the W51 e1/e2 spectrum to the HNC intensity of each source.
In W51 e1/e2, many lines of complex organic molecules are detected with a typical intensity of 0.2 K (Appendix), while none of these lines is detected in the averaged spectrum, except for the CH 3 OH lines. If the intensity ratio between the complex organic molecules and the HNC intensity in the averaged spectrum were the same as that in the W51 e1/e2 spectrum, the intensity of complex organic molecule would be 0.006 K in the averaged spectrum. This intensity is lower than the rms noise of the averaged spectrum. Therefore, the non-detection of complex organic molecules in the averaged spectrum is partially due to the insufficient observation sensitivity. However, the sensitivity difference does not explain non-detection of a few moderately intense lines such as OCS (J = 9 − 8, 10 − 9), SiO (J = 2 − 1), and CH 3 OH (8 0 − 7 1 , A + ) with high E u in the averaged spectrum. For example, the OCS (J = 9 − 8) line is expected to be detected with the S/N ratio of 6 under the above estimation. The deficiency of these molecular lines would be due to a heavier beam dilution effect, since the distributions of these molecular lines are thought to be more compact than that of HNC. The beam dilution effect also contributes to the non-detection of the complex organic molecule.
On the other hand, the difference of observation sensitivities does not seriously affect the differences between the averaged spectrum of W51 and that of M51 P1. For example, one notable difference is non-detection of HNCO(4 0 4 − 3 0 3 ) in the averaged spectrum of W51. If HNCO/HNC intensity ratio in the averaged spectrum were the same as that of M51 P1, the HNCO would be detected with the S/N ratio of 9 in the averaged spectrum. The difference could not be explained by the beam dilution effect, because HNCO is detected in M51 P1 with a much larger beam size (∼ 1 kpc) than that of W51 (∼ 50 pc). Therefore, non-detection of HNCO is due to deficiency of the HNCO abundance in the averaged spectrum of W51.
Contribution of Extended Molecular Gas
We here evaluate the contribution of a widely extended molecular gas to the average spectrum. For this purpose, we classify the observed area into 5 sub-regions (A-E) according to the integrated intensities of 13 CO(J = 1−0), as shown in Table 3 and Figure 4 . Here, we use the 13 CO(J = 1 − 0) emission as a proxy of the line-of-sight column density of the molecular gas. Then, we derive the averaged spectrum for each sub-region, and evaluate a fraction of the flux from each sub-region to the total flux for each emission line. While the sub-regions A and B involve the H II regions and many main-sequence OB stars (Figure 4 ), the sub-regions C, D, and E show relatively mild starformation activities. Figure 5 shows the averaged spectrum for each sub-region. The averaged spectrum is prepared by the same method described in Section 3.1. In the sub-region A, we identify 18 molecular species, 10 isotopologues, and 3 hydrogen recombination lines on the basis of the spectral line databases. A summary of the detected molecular species in the spectrum of each sub-region and the averaged spectrum is given in Table 3 . Integrated intensities of molecules and their upperlimits for the 5 sub-regions are summarized in Table 4. Table 4 lists all the emission lines detected with the 3σ or higher confidence level in the spectrum averaged over the sub-region A. In order to show the noise in the sub-regions, we prepared a plots of the rms noise as a function of a fraction of area to the all observed area (fractional area) ( Figure 6 ). The rms noise decreases as increasing the fractional area for each observation setting.
Spectral patterns of all the sub-regions (A-E) look similar to that of the full region, particularly when we focus on bright lines. In order to see in more detail how they are similar or different, we prepare correlation diagrams of integrated intensities normalized by the integrated intensity of 13 CO between the full region and each sub-region (Figure 7) . In addition, we also prepare the similar diagram between the full region and the hot core region (Figure 7a) . If the spectral pattern of a subregion is the same as that of the full region, the plots for all the spectral lines are on the straight line indicated by the thick dashed line. This trend can be seen for the sub-regions C, D, and E. This result indicates the similarity of the spectra of the sub-regions (C-E) and the full region. On the other hand, the plots tend to be shifted to the upper-left direction for the sub-regions A and B. This trend is significant for the sub-region A and also for the hot core e1/e2. Although some spectral lines such as C 18 O, C 17 O, CCH and c-C 3 H 2 are almost on the thick dashed line, the intensities of most spectral lines normalized by the 13 CO intensity tend to be higher in the sub-regions A and B and the hot core e1/e2. For quantitative comparison, we calculate the dispersion from the thick dashed line (the same normalized intensities between a sub-region and the full region). Indeed, the dispersion is larger for the sub-regions A and B than the sub-regions C and D, as shown in Figure 7 . Although the dispersion for the sub-region E is a bit large, this is due to the low signal-tonoise ratio of the spectrum of the sub-region E. Above all, the spectra of the sub-regions (C-E) are similar to that of the full region, while those of the sub-regions A and B are rather different. A widely extended molecular gas in the sub-regions (C-E) mainly contributes the spectrum of the full region.
The spectrum of sub-region A (Figure 5a ) shows the emission lines of HC 3 N, CH 3 CCH, CH 3 CN, HNCO, SiO, and OCS, as well as isotopologues of the simple molecular species (H 13 CN, H 13 CO + , C 34 S, C 18 O, and C 17 O). High excitation lines of CH 3 OH and the hydrogen recombination lines are also visible. Many of them can also be seen in the spectrum of the sub-region B. If these emissions come from the star forming regions associated with OB stars (Figure 4 ), they would be significantly diluted by spatial averaging. Since the area of the sub-region A is about 14 pc 2 , the dilution factor for the hot core size (0.06 pc) is the order of 10 −4 . If the high excitation line of CH 3 OH (E u = 83.6 K) at 95.169 GHz originates only from the hot core, its peak temperature is roughly estimated to be as high as 1500 K. This is too high for the brightness temperature of the thermal emission from the hot core. The same situation holds for most of the other molecules listed above. Hence, the lines of these molecules do not come only from the hot core itself, but most likely from a dense and warm gas distributed around the hot core. In this case, the emission is less affected by the dilution in the sub-region A. In the other sub-regions, such warm and dense regions may not be as large as the sub-region A case, considering their lower star-formation activities. Hence, the emission from the warm and dense component affected by star-formation activities would intrinsically be weak, and would further be affected by the heavy dilution effect.
To show the contribution from each region to the full spectrum more quantitatively, we evaluate the fluxes of c-C 3 H 2 , CCH, HCN, HCO + , HNC, N 2 H + , CH 3 OH, CS, SO, C 18 O, 13 CO, and CN for each sub-region, and calculate their fractions to the total flux (fractional flux) as:
where I mol (x, y) stands for the integrated intensity of a molecule. The integration area is designated by S (A, B, C, D, or E of Table 3), where 'All' means all the observed area. A fractional flux of SO is estimated only in the sub-regions A, B, C, and D, since only the 3σ upper limit of SO is available in the sub-region E. Table 5 summarizes the results. Figure 8 shows the fractional area of each sub-region, along with the fractional fluxes of the 11 molecular species except for SO.
For most molecules, 50 % or more of the flux are found to come from the sub-regions C and D, as shown in Figure 8 and Table 5 . The fractional fluxes are 60 % or higher, if the sub-region E is included. On the other hand, contributions from the sub-regions A and B are relatively small ( 30 %), because the fractions of the areas are only 0.7 % and 2.8 % for the sub-regions A and B, respectively. Therefore, chemical compositions of a widely extended molecular gas in the sub-regions C, D, and E mainly contribute to the spectrum of the full region. This effect would especially be significant in the 3 mm band observation, because many of the bright emission lines in this band are transitions to the ground rotational state. Although the critical densities of these lines are 10 5 -10 6 cm −3 except for CO isotopologues (e.g. Evans 1999; Yamamoto 2017), they can be sub-thermally excited even in less dense regions (∼10 4 cm −3 ) including cloud peripheries (e.g. Nishimura et al. 2016 , see also Section 3.4). On the other hand, emission lines from higher energy levels can be seen under higher temperature and higher density conditions. In fact, emission lines with high E u (> 50 K) are observed only in the vicinity of the hot cores, thereby in the sub-region A of W51 (Table 4).
It is interesting to examine a variation of the excitation condition from sub-region to sub-region for molecules whose multiple lines are detected. CH 3 OH is a good case for such an analysis, because we detected the high excitation line of CH 3 OH (95.169 GHz, E u = 83.6 K) in the subregion A. On the other hand, the high excitation line is not detected in the other sub-regions. This indicates an insufficient excitation condition in these sub-regions than the sub-region A. In addition, the high excitation line of CH 3 OH will be more affected by the beam dilution effect, because the high excitation line is expected to trace more compact molecular gas in the vicinity of the star forming regions. We can thus evaluate the intensity ratio relative to the three blending low-excitation lines of CH 3 OH (96.741 GHz, E u = 7.0 K; 96.739 GHz, E u = 4.6 K; 96.745 GHz, E u = 13.6 K) to be 0.18 in the sub-region A, according to Table 4 . However, this line was not detected in the other sub-regions, and we only derive the 3σ upper limit to the ratio. It is mostly higher than 0.2, and hence, we cannot see any definitive variation of the excitation conditions in this analysis.
Distributions of Molecular Emissions
Contributions from the sub-regions to the total flux are different from molecule to molecule, as shown in Figure 8 . These would also be different from transition to transition within the same molecular species due to different excitation conditions. In particular the contributions from the sub-regions C and D are relatively small for HNC, N 2 H + , and CS in comparison with the other molecules. For HNC, N 2 H + , and CS, the contributions from the sub-region A and B share 30 % of the total flux or higher. For CH 3 OH, the contribution from the sub-region E looks higher than those from the other sub-regions. However, this higher contribution would be affected by a large uncertainty due to a poor signal-to-noise ratio in the spectrum of the sub-region E. Except for these molecules, the contribution from the sub-region C, D, and E are dominant.
In order to examine the dependences of molecular line intensities on the total line-of-sight column density of the molecular gas in more detail, we divide the mapping area into 99 (9 × 11) grid points, where the grid spacing is 2.
′ 5. Then, the spectrum averaged over a circular area with a radius of 2.
′ 5 is prepared for each grid point. The baseline of each averaged spectrum is subtracted by the same method described in the section 3.1. We calculate integrated intensities of molecular lines at each point. Figure 9 shows correlation diagrams of the integrated intensities of 11 molecules against that of 13 CO, a proxy of the line-of-sight column density of the molecular gas. For HCN, CCH, CN, and C
18 O, the integrated intensities almost linearly increase as increasing 13 CO integrated intensity. This trend indicates that the abundances of these molecules are almost constant over a wide range of the column density of the molecular gas. On the other hand, the integrated intensities of HNC, N 2 H + , and CS intensities are found to increase rapidly as increasing 13 CO integrated intensity in a non-linear way. The similar trend can be seen for the SO and CH 3 OH. In particular, there seems to be a threshold value of the 13 CO integrated intensity for appearance of the SO and CH 3 OH lines (maybe N 2 H + as well). This behavior indicates that the abundances of these molecules are enhanced in the sub-region with the higher molecular column density, namely in the vicinity of the star forming regions in W51. However, it should be stressed that this enhancement does not mean that the contribution of the subregions A and B is dominated in the full spectrum averaged over the large area. Rather, the emission from the extended region, the sub-regions (C-E), makes a dominant contribution in the full spectrum because of the larger emitting area, as shown in Figure 8 .
Column Densities and Fractional Abundances
Column densities averaged over the full region are evaluated by the local thermodynamic equilibrium (LTE) analysis and the non-LTE analysis. In order to evaluate the column densities by the LTE and non-LTE analyses, the temperature of molecular gas is necessary. However, no rotation temperature can be derived from our data, because only one transition is observed for each species in the averaged spectrum for the full region except for hyperfine components. Hence, we have to assume the temperature in the both analyses. In the LTE analysis, column densities are evaluated under the assumption of the optically thin condition by using the following formula:
where W ν , S, µ 0 , ν, N , k, U , T rot , h, T bg , and E u are integrated intensity, line strength, dipole moment, transition frequency, total column density, the Boltzmann constant, partition function, rotation temperature, the Planck constant, the cosmic microwave background temperature, and upper state energy, respectively. Table 6 summarizes the column densities derived for the rotation temperatures of 10 K, 15 K, and 20 K. The errors are evaluated by taking into account of the rms noise of the averaged spectrum and the calibration error of the chopper wheel method (20 %). In addition to the column densities (Table 6 ), the fractional abundances relative to the H 2 column density are calculated by dividing the molecular column densities by the H 2 column density. The latter is obtained from the column density of C (e.g. Frerking et al. 1982; Goldsmith et al. 1997 ).
In the above analysis, we assume the optically thin condition. However, this assumption is not the case for some relatively intense lines. We therefore evaluate the optical depth for HCN and CS by comparing their intensities with the isotopologue lines, H 13 CN and C 34 S, respectively. The HCN/H 13 CN and CS/C 34 S ratios are calculated to be 16 ± 10 and 7 ± 3, respectively. These values are lower than the elemental isotope ratios in the Solar vicinity ( 12 C/ 13 C ∼ 60 − 70; 32 S/ 34 S ∼ 22) (Wilson 1999; Milam et al. 2005) . The optical depths of the HCN and CS lines are estimated from these ratios to be about 4 and 3, respectively. Hence, the column densities of HCN and CS are calculated by using their isotopologue lines, assuming the isotope ratios in the Solar vicinity (Table 6). While the H 13 CO + line is not detected in the spectrum of the full region, the HCO + line may be also optically thick. The column density of HCO + should thus be regarded as the lower limit. For other lines, the optically thin assumption would be held, because the line intensities are lower than those of the HCN, CS, and HCO + lines. Note that the 13 CO and C 18 O lines can be regarded as optically thin, because they are well correlated with each other over a wide range of the 13 CO intensity ( Figure 9 ). The 13 CO/C 18 O ratio is 10, which is consistent with the elemental 13 C/ 18 O ratio of 9 (Lucas & Liszt 1998) .
A non-LTE excitation effect may be important in the estimation of column densities, especially when a critical density of a molecular line is lower than a number density of molecular hydrogen (n H2 ). Hence, we derive the column densities by using the statistical equilibrium radiative transfer code RADEX (van der Tak et al. 2007 ). Here, we assume the n H2 values of 10 4 cm −3 and 10 5 cm −3 in our calculations, since the dense gas (n H2 > 10 4 cm −3 ) fraction relative to the total molecular gas is reported to be more than 70 % in the W51 cloud (Ginsburg et al. 2015) . The gas kinetic temperatures is assumed to be 10 K, 15 K, and 20 K as in the case of the LTE analysis. Table 7 shows the results of the non-LTE analyses for molecules whose the collisional coefficients are available. For the n H2 value of 10 4 cm −3 , the column densities are higher than the LTE values by an order of magnitude for the transitions with high critical densities ( 10 5 cm −3 ) such as HCN(J = 1 − 0), H 13 CN(J = 1 − 0), and CS(J = 2 − 1). These transitions are thought to be in a sub-thermal excitation conditions and have lower excitation temperatures than the assumed kinetic temperature. As the result, the higher column densities are required in the none-LTE analysis than in the LTE analysis to reproduce the observed intensities. On the other hand, the column densities of CO isotoplogues are found to be similar to the LTE value, because the critical density of CO itotopologues (∼ 10 3 cm −3 ) is lower than the assumed molecular hydrogen densities. For the n H2 value of 10 5 cm −3 , the column densities of most molecules are similar to the LTE values within a factor of two. This result indicates that the LTE approximation is reasonable for most of transitions, if the number density of molecular hydrogen is as high as 10 5 cm −3 . In order to determine the column densities with the non-LTE method, more accurate values of the number density of molecular hydrogen and the kinetic temperature are necessary. For this purpose, observations of other transition lines are awaited.
Comparison with Spectra of External Galaxies
In this section, we compare the molecularcloud-scale chemical composition of W51 with those of the spiral arm region of M51 (Watanabe et al. 2014) , the starburst region of NGC 253 (Aladro et al. 2015) , the AGN region of NGC 1068 (Aladro et al. 2015) , the nuclear region of Luminous Infrared Galaxy (LIRG) NGC 4418 (Costagliola et al. 2015) , and the star forming cloud (N44C) in the Large Magellanic Cloud (Nishimura et al. 2016) . Although the spatial-scale of the chemical compositions for M51, NGC 253, and NGC 1068 is larger than that for the W51 case by an order of magnitude, those of the last two cases are similar to the W51 case.
Comparison with Spiral Arm of M51
We here compare the molecular-cloud-scale chemical compositions of W51 with those of the spiral arm of M51 (Watanabe et al. 2014) , because the spiral arm is expected to consist of molecular clouds similar to W51. In spite of large sizescale difference between W51 (∼ 50 pc) and M51 (∼ 1 kpc), we find that the averaged spectral pattern of the full region of W51 ( Figure 2 ) is similar to the spectrum observed toward the spiral arm in the external galaxy M51, except for HNCO, CS, and SO. This result indicates similar chemical compositions for the two sources. Figure 11 (a) is a correlation diagram of fractional abundances of various molecules relative to H 2 between W51 and a spiral arm position of M51 P1 (Watanabe et al. 2014 ). Here we employ the column densities derived under the LTE approximation both for W51 and M51 for simplicity. Note that the elemental abundances of M51 is similar to that of the solar neighborhood (Bresolin et al. 2004; Garnett et al. 2004) . As expected from the spectra of these two sources (Figure 2) , the fractional abundances in W51 well correlate with those in the M51 P1 with a very small scatter (rms: 0.3). The correlation coefficient in the log-scale is 0.97. The correlation coefficient is similar to that between the sub-region C and the full region ( Figure 7d ) and larger than that between the hot core and the full region (Figure 7a ), although these correlation coefficients are derived not in the fractional abundances but in the integrated intensity ratios. Thus, the molecular-cloudscale chemical composition of W51 is almost similar to the chemical composition observed toward the spiral arm in M51, although the size-scale of W51 is much smaller than that of M51. On the other hand, slight differences can be seen in several molecules in Figure 11 (a). For example, the abundance of HNCO is higher in the M51 P1 than the W51. S-bearing species are found to be slightly more abundant in the W51, as seen in the Figure 2. However, the difference of the fractional abundances between W51 and M51 are within a factor of two. Watanabe et al. (2014 Watanabe et al. ( , 2016 reported that the star-formation activities do not significantly affect the chemical composition of the molecular gas at the scale of 0.3-1 kpc in M51 on the basis of the observation with the IRAM 30 m telescope and the CARMA. They suggested that the observed spectral pattern would represent a chemical composition of an extended molecular gas in the spiral arm of M51. The similarity between the averaged spectrum of W51 and the M51 spectrum supports their suggestion.
The similarity of chemical compositions between W51 and the spiral arm of M51 suggests that the chemical composition of molecular clouds in galactic disks would be similar among galaxies with similar elemental abundances, although this result has to be examined by more samples of molecular clouds in the Galaxy and the external galaxies. In addition, the origin of the molecularcloud-scale scale chemical composition should be investigated by chemical models. We will discuss these points in the forthcoming papers.
Comparison with AGN and Starburst
Figures 12a and b are correlation diagrams of the fractional abundances relative to C 18 O between the whole region of W51 and the starburst region in NGC 253 and between the whole region of W51 and the AGN in NGC 1068, respectively (Aladro et al. 2015) . The star formation rate of NGC 253 is estimated to be 3.6 M ⊙ yr −1 within a few 100 pc area of the galactic center (Karachentsev et al. 2004) , which is higher than the Galactic value of the whole disk by a factor of three (e.g. Murray & Rahman 2010; Robitaille & Whitney 2010) . NGC 1068 is a pro-totypical Seyfert 2 type AGN. The chemical compositions of a circumnuclear disk suggest effects of X-ray dominated regions (e.g. Krips et al. 2011; García-Burillo et al. 2014; Nakajima et al. 2015) . The elemental abundances of oxygen and nitrogen of both galaxies are similar to those of the solar neighborhood (e.g. Evans & Dopita 1987; Pilyugin et al. 2014 ). These diagrams show that the chemical compositions of the starburst region and the AGN roughly correlate with that of W51, although the correlation coefficients, which are 0.88 and 0.88 for NGC 253 and NGC 1068, respectively, are smaller than the M51 case (0.97). A scatter in the correlation diagram may originate from the effects of the starburst region and the AGN. It is noted that the chemical compositions in a central region of a galaxy would be affected by the star formation activities and/or the active galactic nuclei at a scale of a few 10 pc. For example, complex organic molecules, which are expected to relate with the star formation activities, have been detected in various positions of the central molecular zone of our Galaxy with similar abundances (e.g. Requena-Torres et al. 2006 .
Nevertheless, the overall correlations in the abundances are rather good, although the observation beams, which corresponds to 300 pc and 1.5 kpc at distances of 3.4 Mpc (NGC 253: Dalcanton et al. 2009 ) and 14.4 Mpc (NGC 1068 : Bland-Hawthorn et al. 1997 , cover the central molecular zones of the galaxies and do not the spiral arm. The result suggests that the effect of nuclear activities would be almost smeared out by that of the surrounding extended molecular gas, when they are observed by the large observation beam of ∼ 1 kpc scale in the 3 mm band. The effect of the large observation beam is revealed in the comparison of the chemical compositions between W51 and LIRG NGC 4418 at a spatial resolution of ∼ 330 pc scale (Section 4.3).
Comparison with LIRG NGC 4418
Here, we compare W51 and the nuclear region of NGC 4418 to see differences of molecular-cloudscale chemical compositions between the molecular cloud in the disk and a molecular clouds in the nuclear region at a similar spatial scale (∼ 100 pc). NGC 4418 is a LIRG (infrared luminosity (L) of ∼ 10 11 L ⊙ ) at a distance of 34 Mpc (Sakamoto et al. 2013) . Toward the nuclear region of the galaxy, Costagliola et al. (2015) have conducted a spectral line scan with ALMA in Bands 3, 6, and 7. Because an angular resolution of ∼ 2 ′′ at the Band 3 corresponds to a spatial resolution of ∼ 330 pc, we can compare the W51 and NGC 4418 at a roughly similar spatial scale. Figure 13 is a correlation diagram of the column densities derived under the LTE approximation relative to that of C 18 O. In contrast to the NGC 253 and NGC 1068 plots (Figure 11a and b), Figure 13 shows a larger scatter. The rms value of the scatter for NGC 4418 (1.4) is larger than those of NGC 253 (0.6) and NGC 1068 (0.7). One may think that these differences would come from the resolving-out effect of the radio interferometer, because the extended component, which is similar to the component mainly contributing to the full spectrum of W51, is resolved out in the observation of NGC 4418. However, the missing flux of the NGC 4418 observation is evaluated to be small according to the comparison with the spectra obtained with the IRAM 30 m telescope (Costagliola et al. 2015) . Therefore, these differences would likely reflect the different chemical compositions between NGC 4418 and W51 in the full spectrum.
The column density ratios of molecules are generally higher in NGC 4418 than in W51. In particular, the ratios of H 13 CN, 13 CO + , CH 3 CN, c-C 3 H 2 , and HC 3 N are higher in NGC 4418 than those in W51 by two orders of magnitudes. We do not include HCN and HCO + in Figure 13 , because these lines are optically thick, as discussed by Costagliola et al. (2015) . Costagliola et al. (2015) pointed out the higher abundances of HC 3 N and c-C 3 H 2 as well as lower the abundance of CH 3 OH in NGC 4418 than those in the other extragalactic and Galactic sources. Our results are consistent with theirs.
In W51, we find that the observed spectrum of the full region is dominated by the contribution from the extended quiescent molecular gas. On the other hand, the observation of NGC 4418 traces a very compact (< 5 pc) gas with the large observation beam of ∼ 330 pc (Costagliola et al. 2015) . In fact, high excitation lines of vibrationally excited HCN, HNC, and HC 3 N are detected (e.g. Costagliola & Aalto 2010; Sakamoto et al. 2010) . One possible ex-planation for the difference is that a fraction of the high temperature and high density region is much larger in NGC 4418 than in W51 due to the starburst/AGN activities. In contrast, the vibrationally excited CH 3 OH lines are detected only in the hot core e1/e2 (∼ 0.05 pc) in W51. By comparing the NGC 4418 spectrum with the W51 spectrum, we can thus delineate the influence of the extreme environment on the chemical composition at a molecular cloud scale in NGC 4418. Figure 14 is a correlation diagram of the integrated intensities relative to the HCO + intensity between the full region of W51 and the molecular cloud N44C in the LMC (Nishimura et al. 2016 ). Since C 18 O was not observed in N44C, we use HCO + as a reference molecule for the comparison. N44C has an embedded high-mass young stellar object ST2 (Shimonishi et al. 2010) . Nishimura et al. (2016) carried out a spectral line survey toward N44C with the Mopra telescope in the 3 mm band. The beam size of their observation (38 ′′ ) corresponds to ∼ 10 pc at the distance of LMC (49.97 kpc: Pietrzyński et al. 2013) . Therefore, the spectral pattern of their observation represents a molecular-cloud scale chemical composition. Figure 14 shows that emission lines of the N-bearing species (HCN, HNC, CN, and N 2 H + ), C 18 O, and CH 3 OH are relatively weaker in N44C than W51, indicating deficiency of these molecules. As discussed by Nishimura et al. (2016) , the deficiency of the N-bearing species are due to the low elemental abundance of nitrogen in the LMC. The deficiency of CH 3 OH would be due to warmer dust temperature caused by strong UV radiation, which reduces the production efficiency of CH 3 OH on dust grains (Nishimura et al. 2016; Shimonishi et al. 2016 ).
Comparison with the Large Magellanic Cloud (LMC)

Summary
We carried out a mapping spectral line survey toward the Galactic giant molecular cloud W51 in the 3 mm band with the Mopra 22 m telescope. Our mapping observation approximately covers the 39 pc× 47 pc area of the W51 molecular cloud in the frequency ranges of 85.1 -101.1 GHz and 107.0 -114.9 GHz. The main results are summarized as follows: (1) We prepare the spectrum averaged over all the observed area, in which we identify 12 molecular species and 4 additional isopopologues. All the identified molecules are fundamental molecular species, which consist of four heavy atoms or less.
(2) The intensity pattern of the averaged spectrum is different from the spectrum of the hot core W51 e1/e2. The hydrogen recombination lines, the CH 3 OH lines with higher upper state energies (> 100 K), and the lines of complex organic molecules are not detected in the averaged spectrum. These emission lines from the hot core are thought to be heavily diluted in the averaged spectrum. (3) We classify the observed area into 5 subregions according to the integrated intensity of 13 CO (I13 CO ), and calculate the fractional flux of 11 molecules of each sub-region relative to the total flux. For most of the observed molecules, 50 % or more of the flux come from the region with the range of I13 CO from 25 K km s −1 to 100 K km s −1 , which does not involve active star forming regions. This analysis clearly shows that the molecular-cloud-scale chemical composition mainly represents the chemical composition of an extended molecular gas. (4) The spectrum averaged over all observed area is similar to the spectra of the spiral arm in the external galaxy M51 observed with a large telescope beam of ∼ 1 kpc. The chemical composition of W51 is found to be similar to that of the spiral arm region of M51. Thus, the observation of M51 in the 3 mm band traces the molecular-cloud-scale chemical composition.
(5) The molecular abundances in the AGN and starburst based on the 3 mm observation roughly correlate with those in W51, although high density, high temperature, and extreme radiation field are expected in these objects. These results suggest that the contribution of the nuclear region would mostly be smeared out by an extended molecular gas around the nucleus in the 3 mm band observations. Moreover, it is striking that the molecular-cloud scale chemical compositions are similar to each other among the three galaxies, i.e. the Galaxy, NGC 253, and NGC 1068, which have similar elemental abundances.
(5) The molecular abundances of the LIRG, NGC 4418, observed at a 330 pc scale with ALMA are rather different from those of W51, which would reflect the extreme environment of the nuclear region.
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Facilities: Mopra 22 m. This 2-column preprint was prepared with the AAS L A T E X macros v5.2. . V LSR is assumed to be 60 km s −1 and 55 km s −1 for W51 (All) and W51 e1/e2, respectively. The angular resolution in the observations with the Mopra telescope is 38 ′′ -31 ′′ . The data of the spectra (a) and (b) are available in the online version of the journal. (Table 1) , respectively. The rms noises are evaluated in the frequency ranges of 89.5 -90.5 GHz, 96.85 -97.85 GHz, and 110.5 -111.5 GHz, which are the emission-line-free ranges, for the frequency settings 1, 2, and 3, respectively. 2 ) 1/2 , where n, I i,sub−region , I13 CO,sub−region , I i,ALL , and I13 CO,ALL are the number of molecular species, the integrated intensities of a particular molecular species in the sub-region of W51, the integrated intensity of 13 CO in the sub-region, the integrated intensities of molecule in the spectrum averaged over all the region of W51, and the integrated intensity of 13 CO in the spectrum averaged over all the region of W51, respectively. The correlation coefficients between log(I i,sub−region /I13 CO,sub−region ) and log(I i,ALL /I13 CO,ALL ) are evaluated and shown in the panels (cor.). 
2 ) 1/2 , where n, N i,LTE , and X i,RADEX are the number of molecular species, the column density derived under the LTE approximation, and the column density derived by the RADEX, respectively. ′′ , a rotation temperature of 5 K, and the LTE condition. Dashed lines indicate the fractional abundance ratios of 10, 1, and 0.1. The rms value is calculated as (1/n i (log(X i,M51 P1 )− log(X i,ALL ))
2 ) 1/2 , where n, X i,M51 P1 , and X i,ALL are the number of molecular species, the fractional abundance of a particular molecular species in M51 P1, and the fractional of molecule in the spectrum averaged over all the region of W51, respectively. The correlation coefficient between log(X i,M51 P1 and log(X i,ALL ) is evaluated and shown in the bottom-right corner (cor.). 
2 ) 1/2 , where n, N i , NC 18O , N i,ALL , and N C 18 O,ALL are the number of molecular species, the column density of a particular molecular species in NGC 253 or NGC 1068, the column density of C 18 O in NGC 253 or NGC 1068, the column density of molecule in the spectrum averaged over all the region of W51, and the column density of C 18 O in the spectrum averaged over all the region of W51, respectively. The correlation coefficients between log(N i /N C 18 O ) and log(N i,ALL /N C 18 O,ALL ) are evaluated and shown in the panels (cor.). (Costagliola et al. 2015) . The data for NGC 4418 are taken from (Costagliola et al. 2015) . Dashed lines indicate the ratio of column density ratios of 100, 10, 1, and 0.1. The rms values are calculated as (1/n i (log(
2 ) 1/2 , where n, N i,NGC 4418 , N C 18 O,NGC 4418 , N i,ALL , and N C 18 O,ALL are the number of molecular species, the column density of a particular molecular species in NGC 4418, the column density of C 18 O in NGC 4418, the column density of molecule in the spectrum averaged over all the region of W51, and the column density of C 18 O in the spectrum averaged over all the region of W51. The correlation coefficient between log(N i,NGC 4418 /N C 18 O,NGC 4418 ) and log(N i,ALL /N C 18 O,ALL ) is evaluated and shown in the bottom-right corner (cor.). -Plots of intensity ratios relative to that of HCO + between the whole observed region of W51 and N44C in the LMC. The data for N44C are taken from Nishimura et al. (2016) . Dashed lines indicate the ratio of intensity ratios of 10, 1, and 0.1. The rms value is calculated as (1/n i (log(I i,N44C /I HCO + ,N44C ) − log(I i,ALL /I HCO + ,ALL ))
2 ) 1/2 , where n, I i,N44C , I HCO + ,N44C , I i,ALL , and I HCO + ,ALL are the number of molecular species, the integrated intensities of a particular molecular species in N44C, the integrated intensity of HCO + in N44C, the integrated intensities of molecule in the spectrum averaged over all the region of W51, and the integrated intensity of HCO + in the spectrum averaged over all the region of W51, respectively. The correlation coefficient between log(I i,N44C /I HCO + ,N44C ) and log(I i,ALL /I HCO + ,ALL ) is evaluated and shown in the top-left corner (cor.). Table 2 Line parameters of the averaged spectrum 
87.316898
87.328585
87.401989
87.407165 (2) 18 (4) 113.488120
113.499644
a Upper limits to the peak temperature and the integrated intensities are given for the lines detected in the sub-region A but not in the full region (see Table 4 ).
b The numbers in parentheses represent 3σ errors.
c The upper limit to the integrated intensity is calculated as: 
The integrated intensity range of 13 CO(J = 1 − 0). a The numbers in parentheses represent 3σ errors.
b The upper limit to the integrated intensity is calculated as: 6.7 ± 1.8 15.0 ± 3.8 27.0 ± 9.8 24.0 ± 9.5 27.3 ± 21.8 CCH a 5.6 ± 0.5 10.3 ± 0.9 28.1 ± 3.9 23.5 ± 4.2 32.5 ± 6.7 HCN a 8.5 ± 0.1 15.4 ± 0.3 31.2 ± 1.2 22.9 ± 1.3 21.9 ± 2.6 HCO + a 8.9 ± 0.2 14.5 ± 0.4 29.7 ± 1.5 23.6 ± 1.6 23.3 ± 2.7 HNC a 12.3 ± 0.3 18.8 ± 0.7 33.5 ± 3.3 22.1 ± 3.1 13.1 ± 6.9 N 2 H + a 14.6 ± 0.3 22.2 ± 0.6 31.4 ± 2.4 18.2 ± 2.4 13.7 ± 6.5 CH 3 OH a 11.7 ± 0.7 11.9 ± 1.5 17.9 ± 5.9 19.7 ± 8.2 38.8 ± 16.9 CS a 13.5 ± 0.2 18.3 ± 0.5 30.3 ± 1.1 20.5 ± 1.6 17.4 ± 3.2 SO a 20.1 ± 1.9 22.5 ± 3.8 35.6 ± 13.8 21.9 ± 10.0 0 Table 6 Column densities and fractional abundances of molecules averaged over whole the area of W51.
CCH 1.8(0.4) × 10 14 9(2) × 10 −9 2.1(0.5) × 10 14 9(3) × 10 −9 2.5(0.6) × 10 14 9(3) × 10 −9 CN 5(1) × 10 13 2.4(0.6) × 10 −9 6(1) × 10 13 2.4(0.8) × 10 −9 7(2) × 10 13 2.4(0.8) × 10 −9 HCN e 4(2) × 10 13 2(1) × 10 −9 4(3) × 10 13 2(1) × 10 −9 5(3) × 10 13 2(1) × 10 −9 H 13 CN 6(4) × 10 11 3(2) × 10 −11 7(4) × 10 11 3(2) × 10 −11 9(5) × 10 11 3(2) × 10 −11 HC 15 N f < 3 × 10 11 < 1 × 10 −11 < 3 × 10 11 < 1 × 10 −11 < 4 × 10 11 < 1 × 10 −11 HNC 4(1) × 10 12 2.1(0.5) × 10 −10 5(1) × 10 12 2.2(0.7) × 10 −10 6(1) × 10 12 2.2(0.7) × 10 −10 HN 13 C < 4 × 10 11 < 2 × 10 −11 < 5 × 10 11 < 2 × 10 −11 < 6 × 10 11 < 2 × 10 −11 13 (1) × 10 12 2.5(0.8) × 10 −10 7(2) × 10 12 2.6(0.8) × 10 −10 H 13 CO + f < 2 × 10 11 < 7 × 10 −12 < 2 × 10 11 < 8 × 10 −12 < 2 × 10 11 < 8 × 10 −12 CH 3 OH 4(1) × 10 13 1.7(0.6) × 10 −9 5(2) × 10 13 2.0(0.8) × 10 −9 6(2) × 10 13 2.3(0.9) × 10 −9 N 2 H + 2.3(0.5) × 10 12 1.1(0.3) × 10 −10 2.7(0.6) × 10 12 1.2(0.4) × 10 −10 3.3(0.7) × 10 12 1.2(0.4) × 10 −10 c-C 3 H 2 g 4(1) × 10 12 1.9(0.7) × 10 −10 5(2) × 10 12 2.3(0.9) × 10 −10 7(2) × 10 12 3(1) × 10 −10 CH 3 CCH f,h < 1 × 10 13 < 5 × 10 −10 < 1 × 10 13 < 4 × 10 −10 < 1 × 10 13 < 4 × 10 −10 CH 3 CN f,h < 7 × 10 11 < 4 × 10 −11 < 7 × 10 11 < 3 × 10 −11 < 7 × 10 11 < 3 × 10 −11 HNCO f < 2 × 10 12 < 1 × 10 −10 < 2 × 10 12 < 1 × 10 −10 < 3 × 10 12 < 1 × 10 −10 SiO f < 5 × 10 11 < 2 × 10 −11 < 5 × 10 11 < 2 × 10 −11 < 6 × 10 11 < 2 × 10 −11 CS i 6(3) × 10 13 3(1) × 10 −9 7(3) × 10 13 3(2) × 10 −9 8(4) × 10 13 3(1) × 10 −9 13 CS f < 9 × 10 11 < 5 × 10 −11 < 1 × 10 12 < 4 × 10 −11 < 1 × 10 12 < 4 × 10 −11 C 33 S f < 9 × 10 11 < 5 × 10 −11 < 1 × 10 12 < 4 × 10 −11 < 1 × 10 12 < 4 × 10 −11 C 34 S 3(1) × 10 12 1.4(0.6) × 10 −10 3(1) × 10 12 1.4(0.7) × 10 −10 4(2) × 10 12 1.4(0.7) × 10 −10 SO 1.2(0.5) × 10 13 6(2) × 10 −10 1.5(0.6) × 10 13 6(3) × 10 −10 1.8(0.7) × 10 13 6(3) × 10 −10 OCS f < 2 × 10 13 < 1 × 10 −9 < 2 × 10 13 < 7 × 10 −10 < 1 × 10 13 < 5 × 10 −10 HC 3 N 2(1) × 10 12 1.1(0.6) × 10 −10 1.4(0.8) × 10 12 6.0(0.4) × 10 −11 1.2(0.7) × 10 12 4.5(0.3) × 10 −11 a Errors of the column densities are estimated by taking into account the rms noise and calibration uncertainties of the chopper-wheel method (20 %).
b Column density.
c Assumed excitation temperatures.
d Fractional abundance relative to the H 2 . The column density of H 2 is calculated from the column density of C 18 O, where the N (C 18 O)/N (H 2 ) = 1.7 × 10 −7 is assumed.
e Obtained from the H 13 CN data assuming the 12 C/ 13 C ratio of 60.
f The upper limit to the column density is estimated from the 3σ upper limit of the integrated intensity assuming the line width of 40 km/s.
g An ortho-to-para ratio of 3 is assumed.
h The column density is calculated from the A species (K = 0) on the assumption that the column density of the E species is the same as that of the A species.
i Obtained from the C 34 S data assuming the 32 S/ 34 S ratio of 22. Table 7 : Column densities and fractional abundances of molecules averaged over whole the area of W51 estimated by the RADEX. < 5 × 10 12 < 3 × 10 −10 < 3 × 10 12 < 2 × 10 −10 < 3 × 10 12 < 1 × 10 −10 HNC 5(1) × 10 13 2.7(0.9) × 10 −9 4(1) × 10 13 2.0(0.7) × 10 −9 3.2(0.8) × 10 13 1.6(0.5) × 10 −9 13 CO 3.1(0.7) × 10 16 1.7(0.6) × 10 −6 3.1(0.7) × 10 16 1.6(0.5) × 10 −6 3.2(0.7) × 10 16 1.6(0.5) × 10 −6 C 17 O 9(4) × 10 14 5(3) × 10 −8 9(5) × 10 14 5(3) × 10 −8 1.3(0.5) × 10 15 5(3) × 10 −8 C 18 O 3.1(0.7) × 10 15 · · · 3.1(0.7) × 10 15 · · · 3.4(0.7) × 10 15 · · · HCO + 2.6(0.6) × 10 13 1.5(0.5) × 10 −9 1.9(0.4) × 10 13 1.0(0.3) × 10 −9 1.6(0.4) × 10 13 8(2) × 10 −10 H 13 CO + g < 6 × 10 11 < 3 × 10 −11 < 5 × 10 11 < 2 × 10 −11 < 4 × 10 11 < 2 × 10 −11 CH 3 OH 5(1) × 10 13 3(1) × 10 −9 3(1) × 10 13 1.9(0.7) × 10 −9 3(1) × 10 13 9(4) × 10 −10 N 2 H + 1.0(0.2) × 10 13 5(2) × 10 −10 7(2) × 10 12 4(1) × 10 −10 6(1) × 10 12 3(1) × 10 −10 c-C 3 H 2 6(2) × 10 13 4(2) × 10 −9 4(1) × 10 13 2.0(0.9) × 10 −9 2.7(0.9) × 10 13 1.4(0.6) × 10 −9 CH 3 CN g < 2 × 10 13 < 1 × 10 −9 < 1 × 10 13 < 7 × 10 −10 < 1 × 10 13 < 6 × 10 −10 HNCO g < 9 × 10 12 < 5 × 10 −10 < 5 × 10 12 < 3 × 10 −10 < 4 × 10 12 < 2 × 10 −10 SiO g < 5 × 10 12 < 3 × 10 −10 < 4 × 10 12 < 2 × 10 −10 < 3 × 10 12 < 2 × 10 −10 CS 2.0(0.5) × 10 14 1.1(0.4) × 10 −8 1.4(0.3) × 10 14 7(2) × 10 −9 1.1(0.3) × 10 14 6(2) × 10 −9 SO 7(3) × 10 13 4(2) × 10 −9 4(2) × 10 13 2(1) × 10 −9 3(1) × 10 13 1.8(0.8) × 10 −9 OCS g < 5 × 10 13 < 3 × 10 −9 < 2 × 10 13 < 1 × 10 −9 < 2 × 10 13 < 8 × 10 −10 HC 3 N 6(3) × 10 13 3(2) × 10 −9 2(1) × 10 13 1.2(0.7) × 10 −9 1.3(0.7) × 10 13 7(4) × 10 −10 n H 2 = 10 5 cm −3 b CCH 1.5(0.3) × 10 14 7(2) × 10 −8 1.2(0.3) × 10 14 5(2) × 10 −9 1.2(0.3) × 10 14 4(1) × 10 −9 HCN f 9(5) × 10 13 5(3) × 10 −9 6(4) × 10 13 3(2) × 10 −9 5(3) × 10 13 2(1) × 10 −9 H 13 CN 1.5(0.9) × 10 12 8(5) × 10 −11 1.1(0.6) × 10 12 5(3) × 10 −11 9(5) × 10 11 3(2) × 10 −11 HC 15 N g < 6 × 10 11 < 3 × 10 −11 < 4 × 10 11 < 2 × 10 −11 < 4 × 10 11 < 1 × 10 −11 HNC 7(2) × 10 12 3(1) × 10 −10 6(1) × 10 12 2.4(0.7) × 10 −10 5(1) × 10 12 1.9(0.6) × 10 −10 13 (1) × 10 −10 4(2) × 10 12 1.7(0.7) × 10 −10 CH 3 CN g < 2 × 10 12 < 9 × 10 −10 < 1 × 10 12 < 6 × 10 −11 < 1 × 10 12 < 5 × 10 −11 HNCO g < 2 × 10 12 < 1 × 10 −10 < 2 × 10 12 < 8 × 10 −11 < 2 × 10 12 < 7 × 10 −11 SiO g < 8 × 10 11 < 4 × 10 −11 < 6 × 10 11 < 3 × 10 −11 < 5 × 10 11 < 2 × 10 −11 CS 3.0(0.6) × 10 13 1.5(0.4) × 10 −9 2.3(0.5) × 10 13 1.0(0.3) × 10 −9 2.1(0.4) × 10 13 8(2) × 10 −10 SO 1.4(0.6) × 10 13 7(3) × 10 −10 1.1(0.4) × 10 13 5(2) × 10 −10 1.0(0.4) × 10 13 4(2) × 10 −10 OCS g < 3 × 10 13 < 1 × 10 −9 < 2 × 10 13 < 8 × 10 −10 < 1 × 10 13 < 5 × 10 −10 HC 3 N 5(3) × 10 12 3(2) × 10 −10 2(1) × 10 12 1.1(0.6) × 10 −10 2(1) × 10 12 7(4) × 10 −11
a Errors of the column densities are estimated by taking into account the rms noise and calibration uncertainties of the chopperwheel method (20 %). b Assumed number density of molecular hydrogen. c Column density. d Assumed kinematic temperatures. e Fractional abundance relative to the H 2 . The column density of H 2 is calculated from the column density of C 18 O, where the N (C 18 O)/N (H 2 ) = 1.7 × 10 −7 is assumed. f Obtained from the H 13 CN data assuming the 12 C/ 13 C ratio of 60. g The upper limit to the column density is estimated from the 3σ upper limit of the integrated intensity assuming the line width of 40 km/s. h An ortho-to-para ratio of 3 is assumed.
A. Appendix : Spectrum and Line Parameters of the Hot Cores e1/e2
In this appendix, we summarize the spectrum and the line parameters of the hot cores e1/e2, observed as a calibration source in this observation. The position is (l, b) = (49.
• 3874), which corresponds to (α (J2000), δ (J2000)) = (19 h 23 m 43.9 s , +14
• 30 ′ 35.0 ′′ ). Kalenskii & Johansson (2010) also reported a spectral line survey toward the same position in the 3 mm band. In the hot core, we detected 234 emission lines and identified 31 molecular species, 18 isotopologues, and hydrogen recombination lines on the basis of the spectral line databases, the Cologne Database for Molecular Spectroscopy (CDMS) managed by University of Cologne (Müller et al. 2001; Müller et al. 2005 ) and the Submillimeter, Millimeter, and Microwave Spectral Line Catalog provided by Jet Propulsion Laboratory (Pickett et al. 1998) . Figure 15 and Table 8 show the expanded spectrum and the line parameters, respectively. The LSR velocity adopted for e1/e2 is 55 km s −1 . d The upper state energy is calculated from an energy state of 1 −1 E.
